A small percentage of normal mouse thymus and spleen lymphocytes form rosettes with autologous erythrocytes. The number of these autologous rosettes increases 15-to 20-fold after adult thymectomy and to a lesser degee with aging. Autologous rosette level is also abnormally high in nude (congenitally athymic) mice. The high level of autolo gous rosette-forming celmsfound after adult thymectomy is normalized by injecting ng amounts of purified circulating thymic factor. Autologous rosette-forming cells adhere to nylon, belong to the less dense spleen cells, are in majority steroid-resistant in the thymus. All these properties suggest that autologous rosette-forming cells might belong to immature T-cell (thymic-dependent cell) precursors. Thymic-dependent cell (T-cell) maturation involves several steps from the primitive stem cell to the fully competent peripheral T-cell (1-5). The difficulties in visualizing these different steps come from the absence of morphological criteria available for other blood cell lineages or of markers used to distinguish B-and T-cells.
MATERIAL AND METHODS
Mice. Male and female mice of the CBA-H (histocompatibility type H-2k) or C57BI/6 (H-2b) strains were used in most experiments. In some cases, nude (congenitally athymic) mice were also utilized. When not specified, the mice were 6-8 weeks old. Thymectomies were performed by suction; "thymus-deprived" mice were prepared by thymectomy followed by irradiation (850 rads) and reconstitution by intravenous (i.v.) injection of 15 X 106 syngeneic bone marrow cells.
Antitheta Serum (AOS). This was prepared by injecting 107 CBA thymocytes intraperitoneally (i.p.) into AKR mice once weekly for 8 
weeks (5).
Abbreviations: RFC, rosette-forming cells; A-RFC, autologous rosette-forming cells; T-cells, thymic-dependent cells; B-cells, bonemarrow-derived cells; TF, thymic factor; THF, thymic humoral factor; CM-cellulose, carboxymethyl cellulose; BSA, bovine serum albumin; RBC, red blood cells; WC, white cells; Tx, thymectomy; ATx, adult thymectomy; AOS, antitheta serum.
Thymic Preparations. Thymosin (fraction V) was obtained from A. L. Goldstein (8) . Thymic humoral factor (THF), a calf thymus dialysate, was from N. Trainin (9) . The circulating thymic factor (TF), isolated from pig serum (on the basis of the sheep red cell rosette assay) (10) was obtained in our laboratory by ultrafiltration, Sephadex G-25 gel filtration, and carboxymethyl cellulose (CM-cellulose) chromatography (10) . Control preparations were spleen extracts (fraction V) for thymosin, calf spleen dialysate for THF, and an inactive G-25 fraction from our pig serum fractionation procedure. When used in vivo, THF and TF were bound in vitro to CM cellulose (10) in order to increase their biological half-life.
Rosette Test. The rosette method is essentially that described for sheep red cell rosettes (11, 12) . In brief, it consisted in mixing lymphoid cells and autologous (or syngeneic) erythrocytes (both washed three times) in various ratios in a total volume of 0.25 ml of Hanks' medium. In order to allow easy reading of the rosettes, an optimal cell density was obtained by maintaining the total cell number of the order of 150,000/,u. Erythrocytes were collected on Liquemine0 (Roche). Adherent cells were depleted routinely by preincubation of the lymphoid cells for 90 min at 370 before adding erythrocytes. The cell suspension was centrifuged for 5 min at 200 X g and the rosettes were gently resuspended for 2 min on a roller (10 rpm). Rosettes, defined by the agglutination of at least four red cells per lymphocyte, were read in 2 ,ul Malassez hemocytometers. Peripheral blood cells were isolated using a Ficoll-Hypaque mixture (5) .
Bovine Serum Albumin (BSA) Gradient (13) . Spleen cells, washed twice in Hanks medium, were suspended in 35% BSA (Sigma) in a volume of 1 ml and at the concentration of 500 X 106 nucleated cells per ml. A discontinuous BSA gradient was prepared in 10 ml plastic tubes by adding successively to the 35% BSA cell suspension equal volumes of BSA samples of decreasing density (29%, 26%, 23%, and 10%). The tubes were then spun down at 12,000 X g for 30 min, at the end of which each layer, labeled A, B, C, and D with increasing density, was collected by gentle aspiration; the cell pellet was discarded.
Filtration on Nylon Columns. In some experiments, the cells were filtered on nylon wool columns before autologous rosette formation. Ten-centimeter columns were filled with 1 (Fig. 2) . Differences from normal mice were best seen at highest erythrocyte/lymphocyte ratios. Thus, at a ratio of 128, the spleen autologous rosette level was 155%o 1 23 in adult thymectomized mice, a 15-fold difference (Table 1) . Interestingly, long after the Tx (after 12 months) A-RFC levels declined progressively.
Two-month-old thymectomized, irradiated, bone-marrow-reconstituted mice and 6-week-old nude mice also showed higher values of spleen autologous rosettes than normal mice of the same age (P < 0.001, Table 1 ). These values were, however, lower than those found in adult thymectomized mice, especially in nude mice. (Fig. 3) . Normal pig, rabbit, and human sera were also inhibitory at similar concentrations. Conversely, fetal calf serum was not inhibitory even at high concentrations (1X final).
Fresh serum from normal mice was dialyzed against saline (0.2 ml against 3 liters for 24 hr at 4°). The retentate no longer inhibited A-RFC. A pooled, control mouse serum retained its activity when incubated 24 hr at 4°.
Normal serum was shown to inhibit A-RFC at lower concentrations than thymectomized mouse serum (Fig. 3) . However, at 'Ao dilution, sera from adult thymectomized and nude mice were fully inhibitory.
Action of thymic preparations
The higher concentrations of thymectomized mouse serum than of normal serum required to inhibit A-RFC suggested a thymic influence on autologous rosette forming cells. Purified circulating TF was first tested in vivo by subcutaneous injection (bound to CM-cellulose) into adult thymectomized mice. Control mice received CM-cellulose alone. Almost complete correction of the abnormally high level of autologous rosettes was obtained in four experiments at the highest TF dose (300 ng) (P < 0.01), partial effect being obtained at lower doses (100 and 200 ng). In a blind study in which three thymic preparations (thymosin, THF, and TF) and their controls were tested, the three thymic preparations were active (P < 0.001), the controls, inactive (Fig. 4) Table  2 . Simultaneous assessment of 9-positive cells again showed that 9-positive cells were not distributed like A-RFC (seven experiments).
(d) Hydrocortisone treatment. Hydrocortisone-treated mice showed decreased numbers of thymocytes (95% reduction) and of spleen cells (50% reduction). There was correspondingly an increase in A-RFC percentages among residual cells. However, whereas this increase in the spleen was of the same order as the decrease in spleen cell number, the increase in thymus A-RFC was less important than would be expected from the 20-fold decrease in. thymocyte number if A-RFC had been steroid-resistant (Table 3 ).
DISCUSSION
Our data confirm Micklem's reports (6, 7) showing the existence of autologous erythrocyte-binding cells in lymphoid organs of normal mice. That these autologous rosettes are due to receptors for autoantigens is an attractive hypothesis. However, it is possible that the binding of autologous erythrocytes to normal lymphocytes represents a nonimmunological erythrocyte-lymphocyte interaction, and is thus not specific for any antigen, as is the binding of sheep RBC to a high percentage of normal human lymphocytes (17) . The highest number of rosettes found at highest erythrocyte/thymocyte ratios would fit with this hypothesis. However, one might argue that autologous rosettes are indeed autoantigenbinding cells, since red cells are likely to present a mosaic of autoantigens and these autoantigens are probably nearly equally represented in different mouse strains. The high number of reactive cells might then be explained by recruitment of very low-avidity binding cells at highest erythrocyte/lymphocyte ratios, as described in other systems (14, 18) . The nature of A-RFC can be discussed in the light of the known characteristics of bone-marrow-derived-(B-) and Tcell subsets (1, 2). It should be stated first that A-RFC may include several subpopulations and might not belong to a single lymphocyte subset. Thus, autologous rosettes formed at low RBC/WC ratios [as studied by Micklem (6, 7)] which are not readily inhibited by AOS in our experimental conditions, and are less clearly augmented in number by adult thymectomy, may represent a different A-RFC subset than A-RFC formed at high RBC/WC ratios. It is only this latter subset that will be discussed further.
The likelihood that A-RFC are B-cells is not great because of the predominance of A-RFC in the thymus, and especially because of A-RFC sensitivity to AOS. Moreover, the increase in Ig-bearing cells after adult thymectomy is not of the same order as that of A-RFC (M. Papiernik and J. F. Bach, unpublished observations). The possibility that A-RFC are mature T-cells is also unlikely because of the low figures found in lymph nodes and blood, the retention on nylon columns [which do not retain mature T-cells (19) ] and by the high A-RFC incidence in the less dense spleen cells which are depleted of 6-positive cells (13) . Moreover, if A-RFC were T-cells, one could not explain the presence of A-RFC in nude mice and the dramatic increase in A-RFC numbers after ATx, which is, moreover, associated with decrease in 6-positive spleen cell number (1) .
A more attractive hypothesis may be that A-RFC represent immature T-cells; their high incidence in the thymus argues in favor of this hypothesis, the more so since their steroid sensitivity indicates their location in the thymus cortex (20) (21) and with Trainin's report that normal mouse serum prevents self-sensitization of lymphoid cells on reticulo-epithelial cells, whereas thymectomized mouse serum does not have this property (22) . The A-RFC increase with aging, simultaneously with decrease in serum TF level (23) and its correction during pregnancy simultaneously with increase in serum TF level bring further support to the relationship between the A-RFC phenomenon and TF level.
The relevance of these data to human autoimmunity is still open to speculation but can be directly tested by the techniques used in this report, as has already been reported for human thymus cells (24) and peripheral blood lymphocytes (25) . One, however, has to be particularly cautious in interpreting results obtained in the human because of the possibility of nonspecific autologous rosette formation as mentioned above with reference to human spontaneous sheep cell rosettes (17) , as well as rosette formation by antierythrocyte auto-antibody-forming cells, especially in autoimmune conditions. In fact, several authors have indeed found much higher A-RFC levels in man than in mice, both in thymus (24, 26) and in peripheral blood (26, 27) . It may be that mouse and human lymphocytes differ in their binding of autologous erythrocytes as they do for their binding of sheep erythrocytes (17) . Human A-RFC bind sheep erythrocytes (24, 26) and probably include most T-cells independently of specific anti-sheep erythrocyte antibody-like receptors, whereas mouse sheep red cells bind specifically sheep erythrocyte antigens (17) . In addition, one should take into account the role of the inhibitory factors present in normal serum and, to a lesser degree, in thymectomized mouse serum when speculating on the potential relevance of increased A-RFC level to the pathogenesis of autoimmunity. The significance of the serum factors responsible for autologous rosette inhibition is unclear. It may include TF, in view of the difference we have observed between normal and thymectomized serum, but other unknown molecules as well, since serum from thymectomized and nude mice is inhibitory at high concentrations.
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